Uncertainty surrounds the optimal approach to feeding the critically ill, with increasing interest in the concept of intentional underfeeding to reduce metabolic stress while maintaining gut integrity. Conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, this systematic review evaluates clinical outcomes reported in studies comparing hypocaloric normonitrogenous or trophic feeding (collectively 'intentional underfeeding') to target full energy feeding administered via enteral nutrition to adult critically ill patients. Electronic databases including PubMed, CINAHL, EMBASE and CENTRAL were searched up to September 2017 for trials evaluating intentional underfeeding versus targeted energy feeding interventions on clinical outcomes (mortality, length of stay, duration of ventilation, infective complications, feeding intolerance and glycaemic control) among critically ill adult patients. Bias of included studies was assessed using the Cochrane risk of bias tool. Of the 595 articles identified, seven studies (six randomised controlled trials, one non-randomised trial) met the inclusion criteria, representing 2,684 patients (hypocaloric normonitrogenous n=668; trophic n=681; full energy feeding n=1335). Across the studies, there was considerable heterogeneity in study methodology, population, feeding strategy and outcomes and their timepoints. We observed no evidence that intentional underfeeding, when compared to targeting full energy feeding, reduced mortality or duration of ventilation or length of stay. However, limited trial evidence is available on the impact of intentional underfeeding on post-discharge functional and quality of life outcomes.
The complexity of metabolic and physiologic changes in critical illness is a major challenge hindering research developments in critical care nutrition. The nature and severity of underlying pathological processes and consequent organ failures cause the neuroendocrine and sympathetic nervous systems to favour catabolism 1 , which is in contrast to the usual human starvation response of suppressed gluconeogenesis and increased ketogenesis that promote adipose tissue breakdown and lean body mass preservation 2 . For the critically ill patient, this ultimately may result in stress-induced hyperglycaemia, loss of skeletal muscle mass and accelerated protein-energy malnutrition [3] [4] [5] . In the past two decades, attempts have been made to identify the optimal amount, timing and route of nutrition support administered to critically ill patients in the intensive care unit (ICU). Although consensus exists on the preferred route of nutrition support 6, 7 , the exact volume, rate and formulation of nutrition support required to optimise patient outcomes remains elusive.
In recent years the concept of intentionally underfeeding critically ill patients, theorised to reduce physiological and oxidative stress during an increased time of metabolic demand, compared to targeting full energy requirements, has been advocated. The most commonly investigated methods are trophic feeding, which provides low doses of enteral feed without attempting to meet energy and protein requirements, and hypocaloric normoprotein feeding, which aims to meet protein but not energy requirements.
Intentional underfeeding may provide gastrointestinal and immune benefits by preventing intestinal and mucosal atrophy associated with prolonged fasting or starvation 8,9 . Compared to fasting, this potentially reduces the risk of septic or multi-organ complications by protecting against the bacterial translocation from the gut lumen to extra-intestinal sites 10, 11 . Additionally, intentional underfeeding may avoid complications of full energy feeding, such as hyperglycaemia and poor gastrointestinal tolerance. Intentional underfeeding may have particular benefits for overweight or obese critically ill patients by minimising the risk of overfeeding metabolically active tissue and associated adverse consequences 12, 13 . At present, hypocaloric normoprotein feeding is recommended in the American Society for Parenteral and Enteral Nutrition and Society of Critical Care Medicine 2016 nutrition support guidelines 7 for obese critically ill patients, based on expert consensus but no trial evidence.
While other reviews on the topic have been published [14] [15] [16] [17] [18] [19] [20] , to date these have mostly included studies that mix enteral and parenteral feeding modalities as part of their nutrition interventions. The intestinal epithelial, immunomodulatory and metabolic effects of parenteral and enteral feeding are different 21 , limiting the utility of analyses that treat them as equivalent when considering protein and calorie goals. Accordingly, the aim of this systematic review is to evaluate the current evidence on patient outcomes with intentional underfeeding versus full energy feeding using exclusive enteral nutrition support for mechanically ventilated, critically ill adult patients.
Materials and methods
This systematic review was conducted according to the 2015 Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Protocols guidelines 22 . All eligible studies underwent qualitative analysis through inclusion in the systematic review, and eligible randomised controlled trials (RCTs) underwent quantitative analysis through metaanalysis, reporting clinical parameters with sufficient amounts of comparable data.
With the absence of universally accepted definitions of hypocaloric normoprotein, trophic and full feeding regimens, we adopted the following definitions for the purposes of our review. Hypocaloric normoprotein feeding regimens were defined as those aiming to achieve 25% to 75% of estimated energy and 100% of estimated protein requirements. Trophic feeding regimens were defined as those aiming for less than 25% of estimated energy and protein requirements. Full energy feeding regimens are defined as those aiming for 100% of estimated energy and protein requirements.
Eligibility criteria
Inclusion and exclusion criteria were defined a priori. Prospective RCTs were eligible if they described a comparison of intentional underfeeding and full energy feeding using enteral nutrition (EN) support among critically ill adults (≥18 years of age) and reported one or more of the following outcomes: mortality, length of stay, duration of mechanical ventilation, complications such as sepsis, measures of gastrointestinal intolerance, and biochemical or clinical markers. Studies were deemed ineligible if describing interventions involving pharmaconutrition or unintentional underfeeding. Studies utilising parenteral nutritional (PN) support (full or supplemental to enteral feeding) were also excluded, other than those with two eligible enteral feeding study groups (intentional underfeeding versus targeted full energy requirements) in addition to any PN study groups. All other articles including animal studies and articles published in languages other than English were also excluded.
Information sources
Studies were identified by searching the following databases: PubMed, CINAHL, EMBASE and CENTRAL. The search included articles published up to September 2017. The search string used variations of the following sequence: "hypocaloric", "underfeeding", "trophic" OR "full feeding", combined with "enteral nutrition" AND "intensive care unit" OR "critical care". Terms were optimised according to each electronic database used. In addition, reference lists of relevant guidelines and review articles found in the search were checked for additional relevant studies. If potentially eligible conference abstracts were found, contact was attempted with the study authors to request full-text versions or additional information.
Study selection and data extraction
Study assessment was performed by two unblinded reviewers. Article titles and abstracts were independently screened by the reviewers for eligibility and duplication. Full-texts of articles were retrieved for additional clarification as necessary. Study records were categorised for inclusion, potential inclusion or exclusion. Disagreements between reviewers were resolved by discussions and consensus. A data extraction template was used to independently extract data. Methodological quality of the studies was assessed using the Cochrane Collaboration's tool for assessing risk of bias in randomised trials 23 . Outcomes of interest were defined post hoc.
Statistical analysis
Studies were subjected to meta-analysis using the metan command in Stata 12.1 (StataCorp, College Station, Texas, USA). We reported mortality endpoints closest to 28-day mortality, noting recommendations (based on empirical study) 24 that the combination of disparate mortality endpoints is likely to have little effect on results and is preferable to excluding potentially informative studies. Relative risk was calculated for these endpoints, with 95% confidence intervals (95% CIs). As between-study heterogeneity (assessed by I 2 ) was negligible, mortality risk ratio data was pooled using a fixed-effects Mantel-Haenszel model. A P-value of 0.05 was considered to be statistically significant. 
Results

Search results
In total, 595 potentially relevant articles were obtained in the initial search (see Figure 1 ). After removing 34 duplicate citations and excluding 504 studies based on title and abstract, the remaining 86 articles were selected for full-text review. Of these, 76 studies were excluded, with common reasons being articles reporting secondary research or administering unintentional underfeeding. Two conference abstracts were potentially eligible for inclusion; however, efforts to contact study authors for additional information were unsuccessful and these studies were therefore excluded 25, 26 . Seven eligible studies were included in the review, of which six were RCTs and one was a prospective controlled trial performed without randomisation. Additionally, a further three studies that represent longitudinal cohort studies based on the study cohort of an included RCT (the EDEN trial) 27 and a post hoc analysis of the whole patient cohort of another included RCT (the PermiT trial) 28 were also identified. For the purposes of the systematic review, the information from these studies was considered as part of their parent RCT.
Description of participants
A total of 2,684 unique adult patients (hypocaloric normoprotein feeding n=668; trophic feeding n=681; full feeding n=1335) receiving enteral feeding participated in the seven primary trials. In the studies that described screening 27, [29] [30] [31] [32] , approximately 12% to 27% of patients screened for inclusion in RCTs were included across the studies, while the non-randomised trial 33 included nearly 80% of eligible patients. Included patients were generally of middle age (around 50 to 55 years of age), male (56%) and admitted with medical conditions (at least 70%), of which respiratory failure was the most commonly identified diagnosis (51%). In all studies, except two by Rugeles et al 32, 34 , the mean body mass indexes (BMIs) reported at baseline placed patients in the overweight category (approximately 28 to 29 kg/m 2 ), with Acute Physiology and Chronic Health Evaluation (APACHE) II scores indicating moderate to severe illness (range of reported means 21 to 27). Both studies by Rugeles et al 32, 34 reported mean BMIs at the high end of normal (~24 to 25 kg/m 2 ) and considerably lower illness severity at admission based on APACHE II scores (14 to 15) than the other included studies.
Each included trial had differences in eligibility criteria. Two trials 30, 31 included patients expected to be mechanically ventilated for ≥72 hours, one trial included patients expected to be mechanically ventilated for ≥48 hours 29 , one included those who were expected to be mechanically ventilated for >24 hours 33 and one trial did not specify characteristics related to mechanical ventilation and focused on patients who were expected to require EN for ≥96 hours 32 . Six studies excluded pregnant women or patients requiring PN 27, [29] [30] [31] [32] 34 , four excluded those with burns 27,29-31 and four excluded those with do not resuscitate orders and recipients of organ transplants 29, 30, 32, 34 . All three trials examining trophic feeding excluded malnourished patients, classified by varying definitions including loss of >30% body weight in the previous six months or BMI of <18.5 kg/m 2 27,31,33 . None of the studies investigating hypocaloric normoprotein feeding considered baseline nutritional status in the inclusion/exclusion criteria.
Description of studies and interventions
The characteristics of the included studies are summarised in Table 1 . Of these, four investigated hypocaloric normoprotein feeding 29, 30, 32, 34 and three examined trophic feeding 27, 31, 33 as the intentional underfeeding intervention. Studies were conducted in a range of international centres, with the majority conducted within the United States.
The nutritional aspects of included studies are summarised in Table 2 . Prescribed nutritional requirements, enteral formula, infusion rate, method of estimating nutritional requirements and duration until initiation of full energy feeding varied between trials. Five out of seven trials reported on the duration of the intentional underfeeding intervention; most commonly intentional underfeeding was provided for four to seven days, however one trial continued for up to 14 days 30 . All trials reported a lower actual nutritional provision compared to prescribed volume in both Survey. Hypocaloric feeding is defined as feeding methods which aim to achieve 25%-75% and 100% of estimated energy and protein requirements, respectively. Trophic feeding is defined as feeding methods achieving less than 25% of estimated energy and protein requirements.
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Risk of bias
A summary of the risk of bias assessment of included trials is found in Figure 2 . Most included trials were assessed to have an overall low or unclear risk of bias. Factors leading to a high or unclear risk of bias in one or more key domains included the lack of blinding in five trials 27, [29] [30] [31] 33 , lack of random allocation in one trial 33 , 2×2 factorial designs of a nutritional supplement and intensive insulin therapy in two trials 27, 29 and poorly described or missing information relating to the adjustment of confounding variables (e.g. duration until initiation of feeding) in four trials 29, [32] [33] [34] . Three trials used intention-to-treat analyses 27, 29, 31 , one trial used per-protocol analysis 34 and three trials did not provide information on the statistical approach used 30, 32, 33 . Four 27,29-31 out of seven trials also included the management of blood glucose levels by insulin as a co-intervention or site-specific protocol.
Effect of interventions
Reported outcomes of included studies and their results are summarised in Table 3 . These outcomes were selected based on their comparability across studies.
Outcomes related to mortality
Mortality outcomes with intentional underfeeding and full energy feeding interventions were not clearly different in the reported follow-up periods, as evidenced by both the systematic review and meta-analysis results. Furthermore, the modality of intentional underfeeding utilised (trophic or hypocaloric normoprotein) did not appear to influence the mortality outcomes.
Six trials 27,29-33 reported on mortality, however, significant variation in the duration of follow-up and setting (hospital, ICU or post-discharge) were reported between studies. The four trials 27, 29, 30, 32 reporting 28-day, 60-day, 90-day and 180day mortality found no significant between-group differences. One of the two cohort studies which followed a subset of the EDEN trial 27 continued these findings, where no significant differences in survival to 12 months existed between study groups (65% versus 63%, P=0.63) 35 . Of the four trials reporting all-cause hospital mortality [29] [30] [31] 33 , only the nonrandomised trial reported a statistically significant reduction in hospital mortality for the trophic feeding group compared with full energy feeding (relative risk, 0.71 [95% CI, 0.50-0.99]; P=0.04) 33 .
Arabi et al (2016) 28 identified 90-day mortality as their primary outcome for their post hoc analysis of the PermiT trial by Arabi et al (2015) 30 , stratified for nutritional risk as defined by the NUTrition Risk in the Critically ill (NUTRIC) Score. They showed equivocal outcomes between those identified at high nutritional risk (NUTRIC score 5 to 9) and low nutritional risk (NUTRIC score 0 to 4) with hypocaloric normoprotein feeding interventions for 90-day mortality, as well as 28-day, 180-day and hospital mortality outcomes 28 .
Two of the six trials reporting on ICU mortality found decreases in risk for the intentional underfeeding groups 29, 30 , however, these did not achieve statistical significance. ICU, intensive care unit; IUF, intentional underfeeding; FF, full feeding; LOS, length of stay; NR, not reported. Hypocaloric feeding is defined as feeding methods which aim to achieve 25%-75% and 100% of estimated energy and protein requirements, respectively. Trophic feeding is defined as feeding methods achieving less than 25% of estimated energy and protein requirements. Similarly, Arabi et al 28 did not find any differences in ICU mortality by stratification for nutritional risk for patients in the PermiT trial. Meta-analysis conducted on mortality endpoints closest to 28-day mortality demonstrated near equivalent relative risk (relative risk 1.01, 95% CI 0.87-1.17, P=0.9) (see Figure 3 ). No significant heterogeneity was observed, I 2 0.0% (95% CI 0-18%), nor was publication bias evident on funnel plot assessment (see Figure 4 ). Due to comparable results of studies when considered collectively as intentional underfeeding, along with the impact on statistical power when split into feeding modalities, subgroup analysis of feeding modalities was not undertaken.
Outcomes related to length of stay
A trend toward reduced ICU length of stay was seen with intentional underfeeding compared with full energy feeding, although this did not appear to extend to hospital length of stay. The modality of intentional underfeeding provided did not appear to influence reported length of stay measures. Six of the seven trials reported length of stay outcomes, however these varied between hospital or ICU length of stay in days to hospital or ICU-free days to study day 28 or 90 29, 30 . Three out of the five trials reporting on ICU length of stay reported longer ICU length of stay for the full-feeding group compared with the intentional underfeeding group 29, 33, 34 , although this was only statistically significant in the non-randomised trial (7.5 ± 6.1 days versus 12.4 ± 9.9 days, P=0.043) 33 .
The three trials reporting on hospital length of stay 29, 30, 33 found mixed results between groups, with the nonrandomised trial reporting a statistically significant increase for the full energy feeding group (16.7 ± 12.7 days versus 22.9 ± 19.7 days, P=0.023) 33 . The three trials reporting length of stay data as ICU-or hospital-free days 27, 30, 31 to study day 28 or 90 found no differences between groups.
Due to the differences in methods of reporting outcomes and metrics used, meta-analysis was not conducted for length of stay.
Outcomes related to mechanical ventilation
The data suggests a trend toward reduced duration of mechanical ventilation with intentional underfeeding compared with full energy feeding, and this was not significantly different between intentional underfeeding modalities. Five 29,30,32-34 trials reporting duration of mechanical ventilation suggested a slightly longer duration for the full energy feeding group than the intentional underfeeding group; however, this only reached statistical significance in the non-randomised trial 33 . Three trials reporting ventilatorfree days to day 28 27, 31 or day 90 30 did not reveal any significant differences between the groups. A range of other respiratory parameters were also reported in some studies; however, no difference was observed between intervention groups or intentional underfeeding types when compared with the full energy feeding controls. Mechanical ventilation outcomes associated with hypocaloric normoprotein or full energy feeding interventions were not affected by stratification for nutrition risk 28 .
Due to the differences in methods of reporting outcomes and metrics used, meta-analysis was not conducted for duration of mechanical ventilation.
Outcomes related to infectious complications
When compared with full energy feeding, neither of the intentional underfeeding interventions demonstrated any difference in a range of the infectious complications reported. Five out of seven trials 27, [29] [30] [31] 33 reported at least one measure of infectious complications, however the reporting of complications varied widely between studies making comparison difficult. For most measures of infectious complications, there were no significant between-group differences. Of the four trials reporting on ventilator-Anaesth Intensive Care 2017 | 45:6 Figure 4 : Funnel plot for the meta-analysis between intentional underfeeding and targeted full feeding, conducted on six studies with mortality endpoints closest to 28-day mortality. OR, odds ratio. Figure 3 : Results of the meta-analysis between intentional underfeeding and targeted full feeding, conducted on six studies with mortality endpoints closest to 28-day mortality. RR, relative risk; CI, confidence intervals. associated pneumonia, no two studies used the same definition, and only Ibrahim et al's non-randomised study reported a significantly lower incidence for the intentional underfeeding group compared with full energy feeding 33 . This same trial also reported a significantly greater incidence of Clostridium difficile-associated diarrhoea and lower total mean antibiotic days for the intentional underfeeding group compared to full energy feeding 33 . There were no significant between-group differences in sepsis-related complications reported in two trials 29, 30 , urinary tract or catheter-related infections reported in two trials 29, 30 and any ICU-associated infection reported by three trials [29] [30] [31] . When stratified for nutritional risk scores, no differences in infectious complications reported by Arabi et al 28 were seen between intervention groups. Due to the differences in methods of reporting outcomes and metrics used, meta-analysis was not conducted for infectious complications.
Outcomes related to feeding tolerance
A trend towards improved feed tolerance was seen with trophic but not hypocaloric normoprotein intentional underfeeding when compared with full energy feeding in the studies that reported this outcome. Three out of six trials 27, 30, 31 reported outcomes related to feeding tolerance although there was no uniform measure of tolerance utilised between the studies. One trial defined feeding intolerance as vomiting, abdominal distension, or a gastric residual volume ≥200 ml, while two trials defined feeding intolerance as vomiting, abdominal distension, diarrhoea (≥3 loose stools per day), constipation, cramping, or a gastric residual volume ≥300 ml. Regardless of the definition used, full energy feeding tended to show a greater incidence of feeding intolerance in three trials. A greater incidence of gastric residual volumes of over ≥300 ml was reported by two trials 27, 31 and episodes of constipation, vomiting, and regurgitation reported in one trial 27 were also significantly higher in the full energy feeding group. There was no evidence from the post hoc analysis of the PermiT trial that feed tolerance varied with nutritional risk by feeding intervention 28 .
Due to the differences in methods of reporting outcomes and metrics used, meta-analysis was not conducted for feeding tolerance.
Outcomes related to glycaemic management
Due to the differences in the measures of glycaemic outcomes used, definitive variances between intervention groups were difficult to determine between studies. In general, however, there was a tendency for improved measures of glycaemic management in the intentional underfeeding groups. Six out of seven trials 27, 29, 30, [32] [33] [34] reported at least one outcome relating to glycaemic management. One trial reporting on blood glucose levels did not find any significant between-group differences 29 . Among the four trials reporting hypoglycaemic or hyperglycaemic events, two trials found no between-group difference for hypoglycaemic events 29, 30 , while two trials showed the full-feeding group had a greater incidence of hyperglycaemic events 32, 34 , however, this did not reach statistical significance. While three of the four trials reporting on insulin dosages found similar requirements and treatment between groups 29, 33, 34 , Rugeles et al 32 demonstrated a statistically significant lower usage of insulin in the hypocaloric normoprotein group compared to those fully fed.
Due to the differences in methods of reporting outcomes and metrics used, meta-analysis was not conducted for glycaemic control.
Longer-term outcomes
The longest duration of follow-up reported after intentional underfeeding studies was 12 months, and this was reported by the two cohort studies 35, 36 that continued to follow subsets of the EDEN study 27 . Although a post hoc-defined outcome, the full energy feeding group was observed to have a significantly higher likelihood of being discharged home with or without assistance with activities of daily living (68.3% versus 51.3%, P=0.04) 31 . Other outcomes reported at 12 months included quality of life, physical, psychological and cognitive function, employment, institutionalisation and outpatient care. Survivors of both intervention groups reported similar quality-of-life scores at 12 months postdischarge 35 . Although not reaching statistical significance, full energy feeding survivors tended to show improved physical and cognitive function, with a greater proportion returning to employment 35, 36 . The full-feeding group also reported a significantly lower incidence of admission to physical rehabilitation facilities (14% versus 23%, P=0.01) and trended towards lower new residence in healthcare facilities (4% versus 7%, P=0.21) 35 . There were no significant differences in psychological outcomes between trophic and full-feeding groups 35 .
Discussion
Despite traditionally held beliefs regarding the importance of adequate nutritional provision to the critically ill, we observed no evidence that clinical outcomes traditionally associated with ICU studies differed when intentional underfeeding in the first one to two weeks of critical illness was compared to targeting full energy requirements. Our meta-analysis of included RCTs demonstrated equivocal closest to 28-day mortality results, and in the systematic review, no difference was seen in outcomes reported between intervention groups in regard to mortality, length of stay, mechanical ventilation, or infectious complications. Although only meeting statistical significance in a nonrandomised trial, in randomised trials there was some suggestion of superior outcomes in several of these measures in the intentional underfeeding intervention groups.
It should be noted that the interventions collectively referred to in our review as intentional underfeeding represent two significantly different nutritional approaches with subsequent differences in nutritional delivery, most notably in regard to protein. As with the hypothesised differences in mechanism between targeting full energy requirements and intentional underfeeding, it is possible that there are differences in mechanism of action yet to be elucidated between trophic and hypocaloric normoprotein feeding interventions. In this review, however, when considering trophic feeding and hypocaloric normoprotein feeding interventions separately, the findings remained unchanged. This may be in part due to low statistical power of data to differentiate differences in clinical outcomes at this stage. However, trophic feeding appeared to be associated with greater improvements in glycaemic management and tolerance of feeds than hypocaloric normoprotein feeds, which is perhaps not surprising given that trophic feeding provides comparatively lower volumes of feed than hypocaloric normoprotein feeding methods.
While intentional underfeeding appears to provide uncertain outcome benefit at the time of ICU or hospital discharge, the results of the cohort studies following patients of the EDEN study to 12 months post-discharge suggest that functional (but not psychological or quality of life) differences may exist long beyond hospital discharge in patients who have received trophic feeds compared to full energy feeding. These functional differences were also reported from the EDEN study itself 27 , where full energy feeding patients were noted to be discharged from hospital to their home (with or without assistance required) more frequently than those who received trophic feeds (68.3% versus 51.3%, P=0.04) 31 . As the provision of adequate protein may negate nitrogen losses in early critical illness 37, 38 , reducing protein provision to ICU patients through intentional underfeeding may contribute to an exacerbation of lean muscle mass loss. This may partly explain the findings described in Rice et al 31 and Needham et al 35 . Alternatively, given that overall ICU mortality has nearly halved while the number of ICU patients entering rehabilitation facilities has doubled from 2000 to 2012 39 , it could also reflect increased survival during the critical phase of illness, and thus, more accurately reflect the course of recovery with contemporary ICU management.
In addition to uncertainty around the effect of long-term functional outcomes of intentional underfeeding, there are several other aspects of the included studies that limit application of their findings to widespread clinical practice.
Firstly, no trial achieved the energy or protein target prescribed in either intentional underfeeding or full energy feeding groups. This reflects a recognised challenge in providing the prescribed volume of enteral nutrition support to the critically ill, with studies consistently reporting average deficits of 30% to 50% of prescribed energy targets while attempting to deliver full energy requirements [40] [41] [42] .
Common reasons include feed interruptions for managing gastrointestinal symptoms as well as procedures 43 . However even well-accepted strategies to optimise nutritional provision (such as the use of feeding algorithms) have delivered only modest improvements toward achieving nutritional adequacy 44 . This aspect of the included studies highlights not only their pragmatic approach to the research question, but that with unintentional underfeeding being seemingly inevitable within the ICU, advocating a policy of intentional underfeeding is unnecessary, at least until more effective strategies to optimise full target nutrition provision are identified.
Secondly, while intervention groups in the four trials studying hypocaloric normoprotein feeding 29, 30, 32, 34 received similar protein levels and reported minimal betweengroup differences in clinical outcomes, clinically significant differences in protein provision were observed in two out of three trials studying trophic feeding 27, 31 where groups received different protein levels (11 g versus 54 g in Rice et al 31 ) , while the third trial did not observe large differences in protein provision between study groups (5.3 g versus 18.7 g) 33 . As described above, the between-group differences in long-term outcomes with trophic feeding suggest that protein provision may contribute to functional outcomes observed long beyond hospital discharge in ICU survivors. For these reasons, it may become clinically important to clearly distinguish between hypocaloric normoprotein and trophic feeding interventions as distinct interventions to separate the role of energy and protein delivery on clinical outcomes.
Thirdly, the heterogeneity of patients examined in each study limits the applicability of their findings to routine clinical practice in the population of all critically ill patients. As subjects consisted predominantly of medical ICU patients (at least 70%), it is difficult to determine how these results apply to a surgical ICU population owing to the diverse presentation of surgical patients within the ICU (i.e. routine postoperative monitoring versus systemically unwell following postoperative complications versus neurotrauma). The characteristics of the study participants tended towards a middle-aged (mid-fifties) and overweight population, factors which some studies have suggested correlate with improved ICU outcomes 45, 46 . Pre-existing malnutrition was an exclusion criteria applied to three of the seven studies included (involving 49% of all study participants) 27, 31, 33 . Given that the prevalence of malnutrition in the ICU population has been reported between 38% to 78% 47 , it follows that the exclusion of these patients in the trophic feeding studies has skewed the study population away from those routinely treated in the ICU. As critically ill patients with protein-energy malnutrition have a two-fold greater 30-day mortality compared with well-nourished patients 48 , it is postulated that administering intentional underfeeding to undernourished patients may not have the same response as in better nourished patients. Conversely, due to the potential to overfeed those with significant obesity (BMI of ≥35 kg/m 2 ) using traditional methods of estimating energy and protein requirements, investigating the potential clinical benefits of intentional underfeeding in this population may provide greater benefits than a blanket approach to all ICU patients. It could therefore be argued that a 'one size fits all' approach to feeding in the ICU needs to be questioned, irrespective of the philosophy of feeding involved.
Finally, all studies used different methods for estimating nutrition requirements. Poor between-equation agreement in the critically ill has been demonstrated in studies that compare the outcome of predictive equations with indirect calorimetry 49 . Predictive equations generally prescribe a lower energy requirement than measured by indirect calorimetry, suggesting that the included studies might have delivered underfeeding (compared to optimal goals) to both study groups. Logically, this may have reduced the potential to observe between-group differences.
While a number of narrative reviews examining this topic exist in the literature, only six other publications have utilised a systematic approach. A systematic review by Owais et al 14 predates the major contemporary studies investigating intentional underfeeding, and focuses largely on the impact of intentional underfeeding in parenterally fed patients, with only two of their 12 included studies being conducted in exclusively enterally fed patients. A number of systematic reviews and meta-analyses of RCTs that compare clinical outcomes following intentional underfeeding and targeting full energy feeding in critically ill adults have been published since 2015. Tian et al 17 defined intentional underfeeding by the tertile of energy achieved in feeding, while Marik and Hooper 16 included studies that compared prescription of intentional underfeeding (defined as <70% of daily energy expenditure) to normocaloric feeding (80% to 100% target) and Franzosi et al 20 compared underfeeding (16%-25% of target) and moderate feeding (46%-72% of target) among an acute respiratory failure population only. Al-Dorzi et al 19 and Parikh et al 18 included studies with a "significant" but not otherwise defined difference between intervention groups. All 14-20 report on mortality, infectious complications, length of stay and mechanical ventilation, with Tian et al 17 reporting additionally on gastrointestinal tolerance and pneumonia, and Al-Dorzi et al 19 on renal replacement therapy. Like our systematic review, they found no significant difference in outcomes, and in some cases, the suggestion of benefit with intentional underfeeding. However, these reviews, except for Franzosi et al, differ from our approach as they both include papers that utilise supplemental PN 18, 19, 50 or considered caloric provision from both EN and PN routes 51 . We considered the concurrent use of PN with EN to be a potential confounder for outcomes such as infectious complications which have been independently associated with PN provision 52, 53 , and therefore limited our inclusion criteria to the EN route exclusively. Furthermore, Tian et al 17 did not define their included studies by intended feeding regimen but rather mandated randomised trials in which "two groups received significantly different calorie intakes by EN". Therefore, they included a number of studies with methodological designs that did not involve intentional underfeeding as the primary intervention [54] [55] [56] [57] and were therefore not included in our review of this topic.
There are several limitations associated with our systematic review. First, the small number of trials included and their substantial heterogeneity in respect to sample size, study population, feeding method and reported outcomes limits the conclusions drawn. Second, all studies may be inadequately powered to examine hospital or ICU mortality, length of stay or duration of mechanical ventilation given that none listed these measures as their primary outcome. A recent investigation into the impact of power calculations applied to critical care nutritional studies that use mortality as a primary endpoint suggest that delta inflation may contribute to the number of 'negative' trials in this area 58 . Assuming this phenomenon is present within the included studies of this review, this serves as a further confounder by introducing a 'hidden' lack of statistical power to show between-group differences in the primary outcome. Thirdly, there was unclear or missing information unable to be retrieved in several studies, which may have limited the review process. Lastly, data from two potentially eligible conference abstracts identified during the search 25, 26 and other unpublished studies, which may have provided additional evidence, were not able to be included in the review.
With no evidence (but moderate uncertainty) that intentional underfeeding reduces mortality, or that longterm outcomes might be harmed, at present intentional underfeeding cannot be recommended. Equipoise for a definitive RCT would rest on better understanding of the mechanisms underlying putative benefits of intentional underfeeding, ideally with identification of a population particularly likely to benefit. Based upon our systematic review findings, we propose any future research on this topic should report harmonised clinical outcomes, facilitating systematic review and meta-analysis. Future trials should include assessment of long-term outcomes such as quality of life, functional dependence, and discharge destination, as existing evidence suggests that differences in outcomes due to feeding strategy may be seen in the longer, rather than shorter, term.
Conclusion
Based on the studies that contributed to this systematic review, targeting full energy requirements and intentional underfeeding appear to provide equivalent short-term outcomes, specifically hospital and closest to 28-day mortality, hospital and ICU length of stay, duration of mechanical ventilation and infectious complications. Furthermore, there is the suggestion of potential benefit in terms of glycaemic management and feeding tolerance with intentional underfeeding. However, the impact of intentional underfeeding in the early phases of critical illness upon longterm morbidity outcomes appears, if anything, detrimental. Furthermore, the identified studies demonstrated that even when the aim is goal-rate provision of calories and protein, patients are routinely underfed. Therefore, we recommend that intentional underfeeding not be adopted as routine practice at present.
